Objective: This study was conducted to assess increasing doses of phytase added to broiler diets formulated with different levels of available phosphorus (avP), calcium (Ca), and sodium (Na), and the respective effects on performance parameters, quantitative carcass characteristics, ash and phosphorus deposition in tibia and weight of organs. Methods: Three different matrices were assumed for phytase with the following nutritional values: matrix A (MT A): 0.165% Ca, 0.150% avP, and 0.035% Na; matrix B (MT B): 0.215% Ca, 0.195% avP, and 0.045% Na; matrix C (MT C): 0.245% Ca, 0.225% avP, and 0.053% Na. There were six different diets: No phytase (formulated to meet the nutritional requirements); phytase 500 FTU/kg+MT A; phytase 1,000 FTU/kg+MT A; phytase 1,500 FTU/kg+MT A; phytase 1,000 FTU/kg+MT B and phytase 1,500 FTU/kg+MT C. Results: There was no significant phytase influence on performance, quantitative carcass charac teristics, ash and phosphorus deposition in tibia and weight of the organ throughout the study period, however, it was possible to observe a tendency of improvement in body weight corrected feed conversion for broilers fed the phytase 1,500+MT C diet, where potentially these birds were more efficient on utilize phytic phosphorus and other nutrients bounded to phytate molecule, translating into improvement in performance, and there was also a non significant numerical improvement in body weight corrected feed conversion of broilers fed this diet. Conclusion: Broilers fed with diets formulated with different levels of avP, Ca, and Na and increasing doses of phytase have shown no change on performance, quantitative carcass char acteristics, ash and phosphorus deposition in tibia and weight of organs.
INTRODUCTION
Phosphorus is the second most abundant element in animal tissues, with 80% of the total phosphorus deposited in the skeletal system and the remaining distributed in fluids and other tissues [1] . In addition to structural functions in the body, phosphorus is involved in several metabolic processes, such as the development of skeleton, muscle tissue and eggs; it is an element of nucleic acids; it is essential in the control of cell metabolism; assists osmotic main taining, the acidbase balance, the synthesis of membrane phospholipids; participates in energy transfer as a component of the adenosine triphosphate molecule and activates many enzymatic processes [2, 3] .
Nowadays, it is common to use phosphate to meet the phosphorus requirement, however, this source is not easily renewable, making it a high cost ingredient for monogastric diets [4] . Besides its high cost of inclusion, the negative effects overcome the productive performance fall, where high concentrations of inorganic phosphorus in excreta can cause issues to the en vironment, such as eutrophication and nitrification, decreasing the amount of oxygen dissolved in waters of rivers and lakes, and leading, even, to the death of fish and aquatic organisms, and possibly to the soil contamination by this component [5] .
Broiler diets are basically formulated with high quantities of corn and soybean meal, however, about twothirds of phos phorus are unavailable, as the phytic acid molecule or phytate plays a role of phosphorus reserve in the plant. Considering that birds are unable to hydrolyze efficiently this molecule present in the grain, as they do not produce sufficient amount of endogenous phytase, the utilization and the digestibility of phytic phosphorus and bounded nutrients are affected [6] . Not only phosphorus, but also calcium (Ca), magnesium, potas sium, cobalt, manganese and zinc are minerals that may also be bounded [7] . Besides the development of stable complexes with minerals, phytic acid has a high capacity of binding amino acids to its molecule, so its presence in the diet can decrease the digestibility of minerals, lipids, starch and proteins, by re ducing the digestive enzymes efficiency, such as lipase, αamylase and pepsin [8] , translating into losses in broiler growth.
Considering that phytic acid is an antinutritional factor and the cost of inorganic phosphorus to supplement diets is high, the search for viable solutions to improve the utilization of phytic phosphorus and nutrients by the birds became con stant. Positive results have been reported that confirm the beneficial effects of phytase on the hydrolysis of phytic acid molecule, improving the digestibility of minerals, amino acids and energy, translating into higher nutrient utilization by broil ers, and positively influencing bone ash concentration as well as increasing bone breaking strength [913] .
More recently poultry producers are benefiting from phytase superdosing, which is considered to provide extraphosphoric effects. This new concept is characterized by using the enzyme in addition to its conventional use in industry (500 FTU/kg), aiming a more efficient hydrolysis of phytic acid, with a de crease of its antinutritional effects. Consequently, broilers show higher performance, linked to the maximum utilization of minerals and nutrients [13, 14] . High doses, beyond improving the birds' growth, produce economic advantages, as more ro bust nutritional matrix can be taken into account (available phosphorus [avP], Ca, and Na), where the partial or total re placement of dicalcium phosphate in diet may be an alternative, translating into improved economic efficiency [6] . On this way, the aim of this study was to test graded levels of phytase, either applied on diets gradually decreased on avP, Ca, and Na, or on top of diets containing 500 FTU/kg of phytase, and the respec tive effects on performance, tibia ash and phosphorus, weight of organs and carcass yields of broilers from 1 to 42 days of age.
MATERIALS AND METHODS

Animals, diets and experimental design
All the procedures adopted in the present study were approved by Ethics Committee of Federal University of Mato Grosso do Sul for animal use.
A total of 900 male dayold Cobb 500 chicks, (weighing 45 g on average at placement) were allocated according to a completely randomized design, in six treatments with five replications of 30 birds each.
Experimental diets were formulated to meet the nutritional requirements of broilers, as determined by Rostagno et al [15] , except for Ca, avP, and Na, and the dietary levels of minerals were reduced according to the nutritional matrix recommend ed by the enzyme manufacturer to 500, 1,000, and 1,500 FTU/kg of phytase (Table 1) .
The trial period was divided into three phases: starter (1 to 21 days), grower (22 to 33 days) and finisher (34 to 42 days). Diets were corn/soybean meal based (Tables 2, 3, 4) , and ka olin was used as inert in the formulations, allowing constant inclusion of most ingredients, varying only the inclusions of dicalcium phosphate, limestone, salt and inert.
Phytase added to the experimental diets was from Escherichia coli (E. coli) produced in Thricoderma reesei (Quantum Blue, AB Vista, Marlborough, UK), replacing part of the inert ingredient in the diets. Prior to trial commencement the com mercial enzyme preparation was analyzed, and then the dosage in the experimental diets was adjusted according to the analysis of pure product. Along with phytase, xylanase (Econase XT, AB Vista, Marlborough, UK) at 16,000 BXU/kg was incorpo rated to all experimental diets, and a contribution of 75 kcal/kg 1) Nutrient down specification in relation to control diet (1) in experimental diet 1 there was no reduction of avP, Ca, and Na. 2) Reduction of dietary avP, Ca, and Na levels followed the supplier recommendation for (A) 500; (B) 1,000; and (C) 1,500 FTU/kg of phytase.
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Freitas et al (2019) Asian-Australas J Anim Sci 32:691-700 of metabolizable energy from this enzyme was considered. Diets were thereafter analyzed for phytase and xylanase ac tivities.
Experimental procedures and conditions
Pens were equipped with two 100 W incandescent bulbs for chicks heating, a tubular feeder, a bell drinker and the litter material was pine shavings. In addition, gas heaters were distributed inside the shed to serve as a supplementary en vironmental heating system during the starter phase. The adopted lighting program was continuous (24 L:0 D) across the experimental period. Temperature and humidity were monitored at 7 am and 5 pm, daily, through a digital thermometer of minimum and maximum, installed inside the pen, at bird's height. Feed intake was measured through the difference between the allowance and leftover for each feeding phase, and at the beginning of the trial and the end of each feeding phase pen body weight determined. Mortality was measured daily. Aver age body weight gain, average feed intake, was then calculated for the periods (1 to 21; 1 to 33; and 1 to 42 days). Mortality corrected feed conversion was calculated according to Sakomura and Rostagno [16] . Additionally, body weight corrected feed conversion was determined according to Patricio et al [17] .
At 21 days of age, one bid per replication with body weight close to the average of the experimental unit (±10%), was se lected, submitted to fasting for 8 hours, euthanized by cervical dislocation followed by bleeding and evisceration. After that, left tibias were collected, defatted and analyzed for ash and phosphorus, according to Silva and Queiroz [18] . Organs were weighed to determine relative weight of organs (proventriculus, gizzard, small intestine, pancreas, heart, and liver). The rela tive organ weights were expressed as the absolute weight of each organ divided by chicken weight before slaughtering and the result was multiplied by 100. At 42 days of age, two birds per replication with body weight close to the average of the experimental unit (±10%) were se lected, euthanized by cervical dislocation followed by bleeding, scalding, plucking and evisceration. The fat close to cloaca and gizzard (abdominal fat) was removed and weighed. Feetless, headless, neckless carcasses were weighed and cut in breast, thigh+drumstick, wings and back. Carcass, feet and head+neck yields were determined by the ratio between absolute weight of the carcass and its cuts and body weight before slaughtering. Breast, thigh+drumstick, wings, back, head+neck, and abdomi nal fat yields were determined in relation to the eviscerated carcass (feetless, headless, neckless) weight.
Statistical analyses
The performance parameters, ash and phosphorus deposition in tibia, weight of organs and carcass yields were submitted to analysis of variance by the general linear model procedure of the SAS program, with the pens being considered as the experiment unit. Trends were discussed considering p<0.10. In case of significant differences (p<0.05), the means of the treatments were compared by the Tukey' s test at 5% probability.
RESULTS
Growth performance
Feed intake, body weight, body weight gain, feed conversion and livability results of all diets supplemented with phytase were like the diet without phytase, in all feeding phases ( Table  5) . The best nutrient utilization in the diet with phytase addi tion was evident especially in the last two phases, in which the phytase 1,500+MT C (reduction of 0.225% avP; 0.245% Ca; and 0.053% Na, with 1,500 FTU/kg phytase) did not decreased broiler performance, enabling partial and total replacement of dicalcium phosphate on starter, grower and finisher phases, respectively.
Body weight corrected feed conversion tended to improve (p = 0.08) with the phytase 1,500+MT C (decrease of 0.225% avP; 0.245% Ca; and 0.053%, with phytase at 1,500 FTU/kg) diet, although significant differences between weight gain and feed conversion were not observed.
Tibia ash and phosphorus, weight of organs and carcass yields
The analysis of ash and phosphorus content of tibias at 21 days of age were not influenced by the levels of phytase (Table 6) .
No effects of treatments were observed on the relative or gan weights of broilers at 21 and 42 days (Table 7) , except for the relative weight of the liver at 42 days (p<0.05). The phytase 1,000+MT B diet produced higher relative liver weights in re lation to the diet without phytase.
Characteristics of carcass and cuts were not influenced by the addition of phytase in the diets (Table 8) .
DISCUSSION
Although there were no statistical differences between the per formance variables, the decreasing mineral levels in the diets (avP, Ca, and Na) associated with phytase addition resulted in adequate broiler growth. Probably the results are associated with the phytase supplementation, which promoted hydrolysis of phytic acidphosphorus compound, releasing phosphorus and other nutrients bounded, resulting in maintenance of per formance, without decreasing the weight gain of broilers fed a diet with reduced nutritional levels of minerals. The inclusion of phytase in the diet promoted maintenance of broiler performance due to the efficient hydrolysis of phytate and therefore phosphorus, Ca, Na, zinc, iron and magnesium were available. In addition to the minerals, possibly the amino acids like glycine, serine, threonine and proline were also avail able for broilers [6, 13] .
The dicalcium phosphate used in broiler diets is a nonre newable resource, which makes it difficult to be obtained, and consequently, presents high cost to purchase. Based upon that, we note that the partial or total replacement of dicalcium phos phate in diets with added phytase can save broiler feed costs, besides reducing environmental pollutant capacity of broiler excreta, as it decreases the use of inorganic phosphorus source [5] .
Similar effects found in this study were observed when broil ers were fed diets containing phytase, confirming the enzyme' s ability in hydrolysis partially or totally the molecule of phytic acid, to maintain the performance without losses in productive parameters [19, 20] .
However, improved performance of broilers at 21 days of age fed diets supplemented with phytase was reported by Fu kuyama et al [21] , where they observed an increase of 15% in weight gain and an improvement of 8% in feed conversion, when broilers were fed initial diets supplemented with 1,000 FTU/kg compared to the diet without phytase supplementa tion. However, the diets from this study did not consider lower nutritional mineral levels under the same intensities as the present study.
Similarly, Bradbury et al [14] have noted positive effects on the performance parameters when the initial diets were supple mented with 1,000 FTU/kg of phytase, indicating an increase in nutritional digestibility and, consequently, in broiler growth SEM, standard error of the means. 1) Matrix A (MT A): 0.165% Ca, 0.150% avP, and 0.035% Na; matrix B (MT B): 0.215% Ca, 0.195% avP, and 0.045% Na; matrix C (MT C): 0.245% Ca, 0.225% avP, and 0.053% Na. at 28 days of age. However, only the nutritional matrix of cal cium was considered in that study (30% reduction), while, in the present search, the nutritional matrix was adjusted to upper levels, beyond including other minerals (avP, Ca, and Na), to take advantage of its maximum enzymatic potential and as a possible replacement for the inorganic source of minerals.
On the other hand, Karadas et al [10] using phytase from E. coli at 12,500 FTU/kg, associated with avP nutritional ma trix of 0.20%, observed an improvement in weight gain and feed conversion when compared to broilers fed diets without phytase or with 500 and 1,000 FTU/kg. The same authors state that these results are due to the fact that young birds can re spond positively to enzymatic activities higher than 1,000 FTU/ kg, consequently high levels of phytase can cause beneficial effects on performance and nutrient digestibility when com pared to lower levels.
Broilers at 42 days of age fed with the phytase 1,500+MT C diet were able to maintain adequate performance, even with the robust phytase nutritional matrix. It' s likely that these birds were more efficient on utilizing phytateP and other nutrients bounded to phytate molecule [22] .
Nevertheless, better performance of broilers at 42 days was observed when they were fed with diets supplemented with phytase. Liu et al [23] noted that phytase supplementation at 1,000 FTU/kg increased phytic phosphorus in the diet and improved weight gain and feed conversion when compared to broilers not fed phytase.
Similarly, Campasino et al [24] evaluated the supplementa tion of 400, 800, 1,200, and 1,600 FTU/kg of phytase in broiler diets, with the nutritional matrix of 0.14% Ca; 0.13% P; and 0.03% Na, at 42 days of age and reported linear improvement in feed conversion of broilers supplemented with increasing levels of the enzyme.
The results of the present trial indicate improvement in the efficiency of dietary phytic phosphorus utilization through phytase supplementation, as the percentage of phosphorus in the tibia of broilers fed with phytase 1,500+MT C diet was sta tistically similar to the birds fed diet without phytase (8.26% ×8.50%). These results confirm the phytase ability to release mainly phosphorus and calcium phytic for adequate bone min eralization, even considering the high nutritional challenge imposed to birds fed with the matrix C diet (diets reduced by 0.225% avP; 0.245% Ca and 0.053% Na, and supplemented with 1,500 FTU/kg of phytase), which caused no reduction on bone mineralization, showing the ability of the enzyme to release minerals thereby, fulfilling the requirements for such nutrients.
The percentage of ash in the tibia as a good indicator of bone mineralization in broilers and a very sensitive parameter to determine the effect of adding phytase on mineral avail ability in the diet [25] . The results suggest that supplementation of 1,500 FTU/kg in broiler diets lowering by 0.225% avP, 0.245% Ca; and 0.053% Na was effective in hydrolysis of phytic acid and release of phosphorus and the minerals considered. The results indicate the possibility of partial replacement of inor ganic phosphorus sources by the enzyme, in the starter and grower phases, and total replacement in the finisher phase, as the replacement of dicalcium phosphate by 1,500 FTU/kg of phytase has not affected the bone mineralization of broiler tibia. Evaluating the effect of 500, 700, and 1,000 FTU/kg of phy tase added to broiler diets, Fukuyama et al [21] confirmed the results found in this study, where ash deposition was not in fluenced by the enzyme. Similarly, Onyango et al [26] analyzed the inclusion of 1,000 FTU/kg of phytase in broiler diets con sidering a nutritional matrix of 0.38% total phosphorus and 0.50% calcium and observed similar concentrations of tibia ash at 21 days of age when compared to diet without phytase.
However, other studies reported negative effects of phytase addition on phosphorus deposition in tibia. Fukuyama et al [21] evaluating the deposition of phosphorus in tibia of broilers at 21 days, found that the addition of 1,000 FTU/kg of phy tase negatively influenced the concentration of this mineral, and, at this level the amount deposited in the bone was sig nificantly less than that from birds fed diet without phytase added. Laurentiz et al [27] observed decrease in deposition of phosphorus in tibia, when birds were fed with diets con taining phytase and reduced levels of avP. The results presented by these authors show that the addition of phytase in the diets was not reflected in better deposition of phosphorus in tibia, likely because of the utilization of this mineral in other vital body processes, such as growth and deposition of muscle tissue.
The phytase 1,000+MT B diet presented higher relative liver weight in relation to the diet without phytase. This may have happened because these birds were slightly lighter than birds of other treatments. Other results obtained show similar de velopment of examined organs, confirming the efficacy of phytase on utilization of dietary nutrients, avoiding then, the depressor effect of phytic acid molecule on the body and or gans development.
Confirming the results found in this study, Nunes et al [28] evaluated the phytase complex utilization on the development of broiler organs, and there was no influence of enzyme ad dition on the growth of organs and intestinal biometrics.
Characteristics of carcass and cuts were not influenced by the addition of phytase, however the addition of phytase re duced the antinutritive effects of phytate on the weight of cuts. Besides that, the inclusion of phytase increased positively the ileal digestibility of various amino acids, such as lysine, argi nine and histidine [12] .
These results are according to the observations of Gomide et al [29] , where the decrease of calcium and avP associated with phytase supplementation has not provided improvements in carcass and chicken breast yield of broilers fed diets con taining phytase at 500 FTU/kg.
Evaluating the effect of phytase at 400, 800, 1,200, and 1,600 FTU/kg in diets with lower levels of avP and calcium, Cam pasino et al [24] did not report an influence of phytase levels on carcass and breast chicken yield of broilers at 42 days of age fed diets containing enzyme. The lack of phytase effect on the carcass and cuts characteristics evaluated in this study were likely justified by the similar performance presented by birds between the supplementation levels associated with the nutritional matrix.
CONCLUSION
In summary, the results of this trial suggest that broilers fed diets supplemented with increasing doses of phytase and con taining different levels of avP, Ca, and Na present no change in performance. However, phytase added to the diet at 1,500 FTU/kg shows to be effective, making it possible to consider more robust phytase nutritional matrices, since it provides similar results to birds fed nutritionally adequate diets and without phytase supplementation. Thus, it becomes possible to replace, partially or completely, dicalcium phosphate and may therefore reduce feed costs in broiler production, without decrease performance parameters and it allows the reduction of nutrients excreted by the birds to the environment as well.
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